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INTRODUCTION 

Today  the  method  of  fictitious  areas  is  widely  used  for  the  numerical  simulation  of  problems  in  mathematical 
physics  in  areas  of  complex  geometry.  For  the  equation  of  Navier-Stokes  with  heterogeneous  limited  conditions  the 
monograph  [1]  is  devoted,  for  models  of  filtration-  the  monograph  [2],  for  the  problems  of  mathematical  physics-  [3]. 

The  method  of  fictitious  areas  for  linear  equations  of  mathematical  physics,  excluding  hyperbolic  equations,  is 
well  explored  (for  example,  monograph  [2]  and  the  sources  mentioned  there).  In  non- stationary  problems  unimproved 
estimations  of  speed  in  most  cases  are  not  received.  Moreover,  for  non-linear  limited  problems  the  technology  of  obtaining 
unimproved  estimations  of  convergence  speed  according  to  the  known  methods  is  not  available.  But  there  are  not  enough 
scientific  materials  devoted  to  the  method  of  fictitious  areas  for  boundary  value  problems  of  hyperbolic  equations.  In  this 
monograph  the  justification  of  the  method  of  fictitious  areas  for  initial  limited  problems  of  non-linear  hyperbolic  equations 
is  given  and  the  speed  estimation  of  solving  the  auxiliary  equation  is  obtained.  In  some  cases  the  speed  of  convergence 
unimproved  in  defined  order.  The  new  way  of  improving  the  speed  estimation  in  the  norm  L2  is  offered  in  this  monograph. 

PROBLEM  FORMULATION 

Let  examine  the  problem  of  Dirikhle  in  area  of  Qc  Rnc  with  the  limit  S for  non-linear  differential  equations  like 


ABSTRACT 


In  this  article  we  examine  the  method  of  fictitious  areas  for  the  non-liner  hyperbolic  equations.  The  estimation  of 


(i) 


v\t=0  = v0(pc)  Vt\t=0  = ux(x), 

v\s  = 0. 


(2) 


(3) 
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The  theorem  of  existence  of  generalized  solution  and  the  diffential  properties  of  the  equations  are  well  explored  in 
the  monograph  [4] . 

According  to  the  method  of  fictitious  areas  the  equation  of  the  problem  by  using  the  smallest  coefficient  in 
auxiliary  area  D=QUD0  in  the  limits^,  fl S = 0will  be  this 


d2v£ 


= Av£  - \v£\pv£  - f(x)  vE  + ^fvt)  + f(t,x ) , 


dt2 

vflt=0=v0O), 

d£I5'1=0, 

Where 


f(*)  = { 


0,  x E fi,  a,  /?  > 0,  1 > y > 0 

1,  x E D0 


v0(x),  f(t,x)  - The  zeros  out  of  D,. 

As  a result,  the  following  theorem  can  be  defined. 

Theorem  1 


(4) 


(5) 

(6) 


Let’s  take  n~ 2 
solving  problem 


p < A-WoOO  E°V?  Oti'ViCx)  C e L2{Q,T;L2(n)) 


then  the  equation  (7)  takes  place  in 


llv 

+252ii«fii  l 


Lo(o, T;L2(D))  + IK  Lco(o,T;Loo(D))  + e0  WVtt  Hl2(o,7VI2(D0))  + 


< C < oo  . 


(o,t,l2(d0)) 

Proof:  Let  (3)  be  multiplied  by  uf  and  integrated  in  the  area  D,  then  we  have  the  estimation 


(7) 


I 1 1 L^o(0,T;L2  (D))  ^X^L«.(0,T;L2(D))  p + 2 


Ml 


(o,T;Lp+2(d)) 


+ ^^111(0, T;L2(Do))  + 


(8) 


By  differentiating  (4)  in  t , multiplying  by  u^t  and  integrating  in  the  area  D we  obtain 
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2 + IKt||2  + ‘A/  lkEll2^  + jp  ||vft||2  + (p  + i)CKCt)Ptf (O.ftt)  = 


By  using  the  inequality  of  Gelder  we  have 

|(u*(0^(t)Xt))l  < II  KCOP \K(D) U ||i,G>) RlUz 


Where  (as  in  the  inflow  theorem  of  Sobolev) 


ill 

n + q + 2 


1 


According  to  the  condition pn<  q,  and  from  (8)  we  have 
iiK(£)piii^)<iK[irJm<c<o0j 

| (/  (O^tt)ul  — 11/  CO  11^2  1 1 11^2  (U)  ■ 


As  a result , we  obtain 


II^IIl^(0/T;L2(D))  + I^II[^(o/T;LzCft))  + 


Ct-D 


[^(0/T;Lz£D0))  + + j H«ftllLa(0#T;LaCDfl))  - C < 00 


(9)The  following  theorem  is  appeared. 

Theorem  2 


(9) 


Let  all  conditions  of  the  first  theorem  be  used.  Then  the  only  one  solution  of  the  problem  (4)-(6),  which  has  the 
property  (9),  is  existing.  It  goes  to  the  solution  of  the  problem  (l)-(3)  in  s ->0. 

The  theorem  of  solution  existence  is  proved  by  the  Galerkin’s  method  and  with  the  helpp  of  methods  offered  in 
monograph  [4],  the  convergence  of  solution  depends  on  the  estimation  (9).  Then  lets  research  the  speed  of  convergence  in 
the  solution  of  problem  (4)-(6).  The  following  theorem  is  obtained 

Theorem  3 


Lets  /t  G L2(OJ;I2(^))^oW  e ^22®^i(x)  e J(t,x),  n0(x),  iq(x)  — the  continuous  zero  out  of 


O,  p<  — . 

r n-2 


Then  this  estimation  takes  place 

I) vf  — iv [|f  , . + \\v£  — v\\l 

11  t tUL^UT;:L2(Md  UL* 


tom)  + h l|y£  “ + + (-^2^~  v- 


tlli 


2('D,T;LZCDD:) 


< Czx, 


||u£  - ulli^foT.LjCS)) 


< Cex. 
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rt  ||  2 


Iff  |||^Lt||  dt  < C <<*>,. 

J J0  I!  dn 


Then 


W(o  ,T;L2{p}) 


+ llwte-vt*  Hi, 


+ 4:||wf-U,  112 


ci-ri , 


'.(oxiaCDfl  ' ^ L,tllVo.r;i2Wo))  + + ^ l|U«  U“Hl 


2 < £* 
z(d  pT;12CUd3) 


IK  - t'tlU«<0,T;L2C«)  - C£X’ 


where 


x = < 


{|,^|,i//?>0,£r>0,/?>0,£t  + /?>0,0  <k<  1, 


j,ifr=0. 


-,ify=l,a>0. 


By  multiprlying  (1)  by  function  ip/xjcW-j (D)  and  integrating  in  the  area  SI,  v(x,  t)  —the  continuous  zero  out  of  Q. 
In  a result  we  will  obtain  integral  concordance 


fd2v  \ r dv 

[foi’V  j + (vx’<Pz)d  + (\v\pv,<p)D  ~ 'sfaVdS=  (f(t,x),cp)D. 


(10) 


Lets  determine  ve  — v = a>  and  <p  = cot.  Then  the  (4)-(6)  and  (10)  for  co  will  make  the  integral  concordance 


1 d 

2dt'> 


(IKIId  + IKIId +\ NIdd)  + - - - KIId„  + 


+(|uE|PyE-  [u[pu, tot)D  = /S^mtds. 


Lets  transform  the  additives  on  the  right  side  (11),  then  integrate  in  t 

J f ftu  J pt  r 3ut 


Lf  (Dtds=  Lf  (Dds-  CJ^COds. 

J San  11  J S an  JQ  J S an 


By  estimating  (12)  in  inequality  of  inflow  [5],  we  take 


- ||w||^m B - c|KiiL”a(DD)ii®iii;cX) - cJeIii®xIId0 +',’ii®iid0 = cJ^okii2 +^ii®Hdd) ^ 


dv 


l2CS] 


5(IKIId0 + +^IMId)+£2C5.°  <ao 


< 1. 


On  the  other  side, 


(11) 


(12) 


(13) 
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° - ^ 1 1 ^ J 1 0°  H II  (OTjDn)  --5(H^Hdd+  £p  l|a>e||2aCOM0}) 


£ 

+ 


(14) 


By  joining  (13)  and  (14),  we  obtain 


IlizOT  - (ll“*llflD  + prlMIflo  + ll“elli,(ftti£2CD0)))  + CS£X’ 


In  the  same  way  lets  estimate  the  additives 


(15) 


/ l-T^H  dcsJ  ||Sll£l(s,  s (J 


dvt 


dn 


dt ) 


£■ 

c/i 


£C(f  ll“llLI£sjds)  --  5 / (H“*ll2  + ^ INI2  + IKII2)  * + Cse*. 


“ll2aCS)^  0 


(16) 


EVALUATION  OF  NONLINEAR  ADDITIVES  WITH  THE  FICTITIOUS  DOMAIN  METHOD 


KMI^  - MV  «t)D|  = (p  + i)l((t'V1  + uftyvaMl  < c(||uE||IpjiC0)  + +llt'llipnCD))IMIIi<I(D)IMtllLz(DV 


(17) 


Here 


+ ft  = 1,^  > o.ft  > + i + i = 1 


According  to  the  conditions  of  the  theorem  left  side  (17)  is  estimated  on  C||o)x||  ||cdt||/)  and  from  (11)-(17)  we  take 


^(WllS  + II<MIS  + £ II<MIS0)  + IKIIS.  £ <5  (ll^ll2  + JS  \W\\l„  l"J2,(aM,C«U))  - 


From  this  case  the  following  estimation  appears 


" * 11  M DpTjLa  CO])  c L«(n,r;ia  Co])  11  1 11  M d,t.£2  Co  D])  1 " c 11 L 2 a C0D) ) 


112 


(18) 


^*4  o..Ti2  cf>) 


< Csx. 


By  diffentiating  (10)  on  t and  taking  cp  = a)tt  with  (4),  we  obtain  the  following  estimation 

“(IMS+  toX  + £lKI2j  + ^IKH^  ^ ff(l«&li  ++^KI2b)  + 5:lla>«i21(aMlWD))  + + 

I (p  + iXMPX  - |u|3’^-®tt)l. 

In  this  case  we  consider  that 
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6 


On 


f 


dt 


is  limited. 

From  this  equation  the  following  estimation  is  formed 


+ ^“^4<=.r,i3CD})  + 1*  + ' J‘  ll“«ll2I(o,TJiaen0))  + “ C£* 


II 2 


(19) 


The  following  theorem  is  obtained. 

CONCLUSIONS 


• In  the  development  of  the  fictitious  domain  method  can  be  divided  into  four  interrelated  areas: 

• study  different  ways  to  continue  the  initial  problems  in  a fictitious  area; 

• obtain  best  possible  estimates  in  stronger  metrics; 

• extension  of  the  class  of  problems  for  the  application  of  the  fictitious  domain  method; 

• Building  Effective  difference  schemes  for  the  solution  of  the  auxiliary  problem  of  constructing  a fictitious  domain 
method. 

• This  paper  covers  the  use  of  the  fictitious  domain  method  to  complex  non-linear  problems,  some  aspects  of 
numerical  implementation  for  the  auxiliary  problem. 
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